T
. The G+C content of the genomic DNA was 37.6 mol%. The most abundant fatty acids were iso-C 14 : 0 and iso-C 16 : 0 DMA. On the basis of 16S rRNA gene sequence similarity, strain ZWB T belongs to the family Ruminococcaceae and it is distantly related to Saccharofermentans acetigenes JCM 14006 T (92.1 %). Based on the physiological features and phylogenetic analysis, strain ZWB T represents a novel species of a new genus, for which the name Ercella succinigenes gen. nov., sp. nov. is proposed. The type strain of Ercella succinigenes is ZWB T (5DSM 27333
Succinate is a valuable energy-rich compound used for organic synthesis of 1,4-butanediol, tetrahydrofuran, butyrolactone and adipic acid (McKinlay et al., 2007) . Bacteria that ferment succinic acid have application possibilities, especially anaerobes that produce more than 1 mol succinate per mole of glucose. Described anaerobic succinate producers include Fibrobacter succinogenes, Anaerobiospirillum succiniciproducens, Actinobacillus succinogenes, 'Mannheimia succiniciproducens' and Basfia succiniciproducens. These micro-organisms ferment sugars, but some ferment glycerol as well. The use of glycerol as carbon source by Anaerobiospirillum succiniciproducens resulted in higher succinate production and a much higher ratio of succinate to acetate than obtained with glucose (Lee et al., 2001) . Crude glycerol is an important side product of biodiesel production and therefore an interesting substrate for succinate production (Choi, 2008) . Due to the massive production of biodiesel (Röttig et al., 2010; Licht, 2012) , the price of bulk glycerol has dropped considerably in the past decade (Yazdani & Gonzalez, 2007; Choi, 2008) . In this work, we describe a novel anaerobic succinateproducing bacterium, strain ZWB T , that can utilize glycerol and several carbohydrates as main energy sources, forming H 2 , succinate and acetate. Based on its distinctive phenotypic, genotypic and phylogenetic characteristics, strain ZWB T is proposed to represent a novel species of a new genus.
Strain ZWB
T was isolated from sludge collected from a biogas desulfurization bioreactor (Eerbeek, the Netherlands). Samples and dilutions thereof were inoculated in 120 ml serum vials with 50 ml of anoxic bicarbonate-buffered medium prepared as previously described (Stams et al., 1993) . The basal medium was supplemented with 0.1 g yeast extract l
21
, 20 mM glycerol as carbon and energy source, and 20 mM sulfate as potential electron acceptor. Routinely, cultures were incubated statically at 30 u C in the dark. When growth was detected, serial dilution series were made. The purity of the isolate was confirmed by microscopic observation. Chemical analysis of culture media pointed to fermentative growth of the isolate, and therefore sulfate was eliminated from media. In the first enrichments, 0.1 g yeast extract l 21 was enough to promote growth, but after several transfers the strain grew poorly. Good growth was obtained by increasing the amount of yeast extract to 0.5 g l Cell morphology and motility were examined by phasecontrast microscopy using a Leica DM2000 microscope. Scanning electron microscopy was performed as described by Alphenaar et al. (1994) using a JEOL JSM-6480LV microscope. Cells were slightly curved rods 0.4-0.5 mm in diameter and 2-3 mm in length usually occurring singly or in pairs (Fig. S1 , available in the online Supplementary Material) and motile during the exponential phase. No spores were detected. Gram staining was done according to standard procedures (Doetsch, 1981) . Cells stained Gramnegative.
Cloning of the 16S rRNA gene was performed to determine the phylogenetic affiliation of the isolate. Total genomic DNA of strain ZWB T was extracted using the FastDNA SPIN kit for Soil and the FastPrep Instrument (MP Biomedicals). The 16S rRNA genes were amplified with the primer set 27F-1492R (T a 557 u C) for Bacteria and cloned in Escherichia coli DH5a competent cells by using the pGEM-T vector (Promega). Sequences were (i) assembled with the DNABaser software 3.5.3 and aligned with SINA (v1.2.11) (Pruesse et al., 2012) , (ii) added to a database of over 260 000 homologous prokaryotic 16S rRNA gene primary structures by using the merging tool of the ARB program package (Ludwig et al., 2004) , (iii) manually corrected with the alignment tool of the same software and (iv) added by parsimony to the tree generated in the Living Tree Project (Yarza et al., 2008) . Phylogenetic reconstruction was performed using the three algorithms as implemented in the ARB package. The neighbor-joining method (Saitou & Nei, 1987) with Jukes-Cantor correction was preferably used for the generation of the consensus tree and bootstrap analysis. The 16S rRNA gene sequences determined in this study have been deposited in the EMBL database under accession numbers HG003568-HG003578 (http://www.ebi.ac.uk/ena/data/view/HG003568-HG003578) with HG003571 as the reference sequence. All complete 16S rRNA gene sequences retrieved from the clone library showed a length of 1376 bp. After alignment, long deletions of 116 bp were detected at different positions of the 16S rRNA gene, resulting in equal gene length but different secondary structure. Accordingly, four different 16S rRNA gene copies were identified with deletion in bases (compared with E. coli) 60-167, 1335-1451, 1049-1164 or 26-133, respectively. The occurrence of multiple 16S rRNA genes is a common property among bacteria (Coenye & Vandamme, 2003) . Bacterial genomes can have up to 15 operons and operon numbers of up to seven are commonly found (Acinas et al., 2004) . Direct sequencing of the 16S rRNA gene-specific PCR product provided a 1407 bp sequence without any deletion. Similarity calculations of full-length sequences were done with the ARB package using neighbour-joining analysis without correction for evolutionary distance. This indicated that the closest relatives of strain ZWB T (85.3 %). This comparison also showed differences of up to 1.7 % between the different 16S rRNA gene copies (e.g. HG003569 versus HG003576). This is not uncommon; for example, in Desulfotomaculum kuznetsovii the heterogeneity within two rRNA genes is as high as 8.3 % (Tourova et al., 2001) . Phylogenetically, strain ZWB T was affiliated to the family Ruminococcaceae (Bacteria, Firmicutes, Clostridia, Clostridiales). Phylogenetic tree reconstruction ( Fig. 1) showed that strain ZWB T , S. acetigenes JCM 14006
T (Chen et al., 2010) and F. sanguinis CCUG 47711
T (Falsen et al., 2005) formed a deep branch distantly related to each other and forming a separate cluster from the other recognized genera and species of the family Ruminococcaceae. The high level of sequence divergence indicated that strain ZWB T represents a novel species of a new genus in this cluster.
For growth tests, the general conditions (unless otherwise indicated) were pH 7.5, T a 530 u C, 0.5 g yeast extract l 21 and 20 mM glycerol. Different electron acceptors and donors were tested at final concentrations of 10-40 mM. Growth of strain ZWB T was studied at different incubation temperatures (from 20 to 45 u C), pH (from 6.0 to 9.0), salinity (up to 0.5 M) and oxygen concentrations. Growth was monitored by measuring optical density at 600 nm with a spectrophotometer (Hitachi U-1500). Soluble substrates and intermediates (sugars and volatile fatty acids) were measured using a Thermo Electron HPLC spectrasystem equipped with an Agilent Metacarb 67H column. Gaseous compounds (H 2 ) were analysed using a Shimadzu GC-2014 gas chromatograph equipped with a Molsieve 13X column. Sulfide was measured photometrically with the methylene blue method (Cline, 1969) . Growth occurred only under strict anaerobic conditions with sodium sulfide as reducing agent. Growth was completely inhibited by the introduction of oxygen. Other reducing agents tested were ferrous iron chloride, titanium citrate and L-cysteine, but in these cases only weak growth of strain ZWB T was observed (as determined by visual observation). Strain ZWB T grew optimally at 37 u C, but good growth occurred in the whole range from 25 to 37 u C. The optimal pH for growth was pH 7.5 with good growth between pH 7.0 and 9.0. Yeast extract (0.5 g l
) was required for growth. Growth occurred in the presence of up to 0.5 M NaCl, but decreased with increasing salt concentration. The generation time of strain ZWB T was 10.3 h when grown at 37 u C, pH 7.5 with 20 mM glycerol and 0.5 g yeast extract l
. Besides glycerol, strain ZWB T fermented several sugars (glucose, fructose, galactose, mannose, xylose, arabinose, xylitol, mannitol, sorbitol, sucrose, maltose, lactose, cellobiose, maltotriose) and produced mainly hydrogen, succinate and acetate with minor amounts of malate as fermentation products. No growth was observed with the following tested polysaccharides: dextrin, starch, xylan and cellulose; alcohols: methanol, ethanol, 1-propanol, 2-propanol, 1,2-propanediol and 1,3-propanediol; ketone (acetone); organic acids: formate, acetate, propionate, butyrate, pyruvate, malate, fumarate, citrate and a-ketoglutarate; and amino acids: glutamate, cysteine, glycine, proline, aspartate, histidine, arginine, valine, isoleucine, leucine, lysine, serine and alanine. Fumarate and amorphous sulfur were used as electron acceptors, but thiosulfate, sulfate, nitrate and Fe (III) were not. In Table 1 the glycerol conversion balance in the presence and absence of fumarate or sulfur is shown.
Catalase activity was determined by reaction with 3 % (w/ v) solution of H 2 O 2 . Oxidase test was performed with a filter soaked in 1 % (w/v) solution of tetramethyl-pphenylenediamine in DMSO (Sigma-Aldrich). Indole and urease formation as well as gelatin and aesculin hydrolysis were determined with the API 20A (bioMérieux) system used according to the manufacturer's instructions. Strain ZWB T was catalase-and oxidase-positive. Urease activity, indole formation and gelatin hydrolysis were negative.
Analysis of the molar G+C content of the genomic DNA was performed by the Identification Service of the DSMZ (Braunschweig, Germany) by HPLC (Tamaoka & Komagata, 1984) . The G+C content of the DNA of strain ZWB T was 37.6 mol%. Strain ZWB T and S. acetigenes JCM 14006 T were grown in pre-reduced peptone-yeast extractglucose medium (Holdeman et al., 1977) for determination of membrane lipid composition. Lipid analyses were carried out by acid hydrolysis with 5 % HCl in methanol by refluxing for 3 h, following the procedure described by (Damsté et al., 2011) . The most abundant fatty acids were iso-C 14 : 0 (28.3 %) and iso-C 16 : 0 DMA (27.0 %) ( Table 2 ). This latter component (and the other dimethyl acetal derivatives) is formed from plasmalogens (lipids containing an alk-1-enyl ether substituent at the sn-1 carbon of glycerol). The overall abundance of the dimethyl acetals (.40 %) indicates that plasmalogens are the dominant form of membrane lipids in strain ZWB T . The lipid profile showed a high abundance of branched (iso) alkyl groups.
Differences between strain ZWB
T and the most representative closest relatives are summarized in Table 3 . Optimally, several strains should be used for description of a new genus. In this case, a single strain was obtained and therefore a comparison of strain ZWB T with members of the closest related genera was made. The cluster comprising strain ZWB T /Fastidiosipila/Saccharofermentans is distinguished from the closest group of clostridial cluster III in the family Ruminococcaceae by the lack of cellulolytic activity. The main difference within the group comprising strain ZWB T / S. acetigenes and F. sanguinis (Falsen et al., 2005) is that the last named is a coccus and is unable to ferment carbohydrates. Conversion of glucose by S. acetigenes was tested in this study. S. acetigenes produced acetate, succinate, lactate and trace amounts of H 2 from this sugar. Fumarate has been previously reported as a final product of glucose fermentation (Chen et al., 2010) , but in our tests with S. acetigenes, T and neighbouring isolated strains in the Living Tree Project tree (Yarza et al., 2008) . A consensus phylogenetic tree was generated using parsimony, neighbor-joining and maximum-likelihood analyses with different sets of filters, which showed stable branching. Based on 1000 replications, significant values of each branch (above 70 %) are indicated at the nodes by filled circles. Bar, 10 % estimated sequence divergence. Accession numbers are given in parentheses. succinate was detected instead (fumarate was never produced). Succinate production seems to be a common characteristic of the new cluster comprising strain ZWB T /S. acetigenes. There were slight differences in product formation by the two taxa: strain ZWB T produces low amounts of malate while S. acetigenes produces lactate, and different relative concentrations of the end products were observed. The group ZWB T /S. acetigenes also differs from the rest of clostridial cluster III in sugar utilization (e.g. sucrose, glucose, fructose and xylose). Finally, strain ZWB T showed several differences from S. acetigenes, such as a far lower DNA G+C content (37.6 versus 55.6 %), a higher optimum pH (7.5 versus 6.5), different Gram-stain response (negative for strain ZWB T but positive for S. acetigenes), and different catalase activity result (strain ZWB T was catalase-positive while S. acetigenes was catalase-negative). The lipid profile of strain ZWB T differs substantially from that of S. acetigenes (Table 2) . However, S. acetigenes also contains dimethyl acetals derived from plasmalogens. Plasmalogens are also known to be important lipids in the phylogenetically closely related Clostridia and other anaerobic bacteria (Paltauf, 1994) .
Based on its distinctive phenotypic, genotypic and phylogenetic characteristics compared with related taxa, strain ZWB T is shown to represent a new taxon within the family Ruminococcaceae. Therefore, we suggest that strain ZWB T represents a novel species of a new genus, for which the name Ercella succinigenes gen. nov., sp. nov. is proposed.
Description of Ercella gen. nov.
Ercella (Er.cel9la. N.L. fem. dim. n. Ercella arbitrary name formed from the acronym ERC grant).
Cells are Gram-stain-negative, motile and rod-shaped. Obligately anaerobic bacteria. Catalase-and oxidasepositive. Urease activity is negative. Indole is not produced and gelatin is not hydrolysed. The predominant cellular fatty acids are unsaturated. Mesophilic and neutrophilic growth. Cellulose is not degraded. All tested sugars of up to three sugar units are fermented. The major fermentation products include H 2 , succinate and acetate. Iron (III), nitrate, thiosulfate and sulfate are not reduced, but sulfur and fumarate are. The type species is Ercella succinigenes.
Description of Ercella succinigenes sp. nov.
Ercella succinigenes [suc.ci.ni9ge.nes. N.L. n. acidum succinum succinic acid; N.L. suff. -genes (from Gr. v. gennaiô to produce) producing; N.L. part. adj. succinigenes succinic acid-producing].
Morphology and general characteristics are as described for the genus. Cells are motile, slightly curved rods measuring 0.4-0.562-3 mm. The temperature range for growth is 25-40 u C, with an optimum at 37 u C. The pH range for growth is 7.0-9.0, with an optimum at 7.5. The following substrates are used: glycerol, glucose, fructose, galactose, mannose, xylose, arabinose, xylitol, mannitol, sorbitol, sucrose, maltose, lactose, cellobiose and maltotriose. No growth is observed on the following substrates: dextrin, starch, xylan, cellulose, methanol, ethanol, 1-propanol, 2-propanol, 1,2-propanediol, 1,3-propanediol, acetone, formate, acetate, propionate, butyrate, pyruvate, malate, fumarate, citrate, a-ketoglutarate, glutamate, cysteine, glycine, proline, aspartate, histidine, arginine, valine, isoleucine, leucine, lysine, serine and alanine. Nitrate, iron and thiosulfate are not reduced. Fumarate and sulfur are reduced. Catalase-and oxidase-positive. Urease activity is negative. Indole is not produced and gelatin is not hydrolysed. The most abundant fatty acids are iso-C 14 : 0 and iso-C 16 : 0 DMA. from a biogas desulfurization bioreactor. The G+C content of the genomic DNA of the type strain is 37.6 mol%. 
